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On the process of manufacturing superconducting 
magnet system for LHD, a lot of R&D have been 
performed. Some research especially done actively 
in 1994 were summarized here. Details of the results 
are precisely expressed in individual items. 
I. Helical coil winding 
For helical coil winding, we have developed the 
method to apply tension up to almost 50 MPa on 
the conductor by shifting sideways in the fixing 
work. By filling the room-temperature cured resin 
under the layer to layer insulator, effective residual 
gap becomes half. 
2. Helical coil conductor connection 
There are 32 connections of 13 kA bath-cooled 
composite conductors in helical coil vessels. We 
decrease the resistance at one place as low as 0.7 
nano ohn1 (0.2 W at 17.3 kA). 
3. AC loss evaluation of helical conductor 
To estimate the AC loss of helical conductor, it 
has been set in the cryostat under the quick magnetic 
field change. Comparing the magnetization change 
of the conductor to vacuum, the time constant of 
4.3 sec was obtained. 
4. Analysis of mechanical coil rigidity 
The helical coil of LHD is subject to high 
electromagnetic force above 10 MN/m. Finite 
element method and mixture law were applied to 
calculate apparent rigidity of a coil pack that 
simulated a section of the actual helical coil. 
5. Single poloidal coil experiment (EXSIV) 
The inner vertical field coil (IV) is under tested. 
The coil has been uniformly cooled until liquid 
helium temperatures, in spite of 16 parallel flow 
channels. It is quite sensitive to the condition 
including the impurity gas in coolant, and the 
coolant distribution to the circulating pump, a 
superconducting bus line and the coil itself. At the 
experiment only 2.2 kA is flowed into the coil due 
to undesirable combined characteristics. 
6. Design criterion for a CICC magnet. 
The criterion has two salient points as follows: 1) 
The overall current density of the magnet to 
designed is determined temporarily based on a 
scaling law of stored energy due to large magnet 
production data and theory. 2) The optimum critical 
current margin and optimum Cu/non-Cu ratio for 
a strand are obtained by the use of stability theory 
for a tightly wound magnet. 
7. Stability of the Rutherford cables 
The following items have been clarified by 
investigation on the Rutherford cables. (I) The 
cross-over resistances which control the inter-strand 
AC losses may be mainly affected by the mechanical 
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properties of the composite materials of the 
matrices. (2) The inter-strand AC losses can be 
explained in terms of bulk resistivities of the 
composite materials when they are measured with 
keeping pressure on the cable samples. (3) The 
current sharing occurs in advance of propagation 
of a normal state. The duration of the current sharing 
depends on the current margin of cables. 
8. Performance test of a superconducting bus line 
A flexible superconducting bus line was developed 
as a current feed system for the LHD. An aluminum 
stabilized NbTi/Cu compacted strand cable was 
developed to satisfy requirements for fully 
stabilized properties at a rated current of 30 kA. A 
pair of SC cables was electrically insulated and 
installed in a cryogenic transfer-line. 
9. Heat transfer measurement of conductor sample 
Heat transfer characteristics of a copper plate ( 18 
mm x 76 mm) to normal liquid helium have been 
measured by changing the heat surface orientation 
and the channel width of liquid helium. We observed 
that the critical heat flux depends on the heat surface 
orientation, and the critical heat flux has the 
maximum at the angle of 15 - 30 degrees, where 
the angle is taken from the horizontal axis. On the 
other hand, the minimum heat flux has less 
dependence on the heat surface orientation. The 
channel tends to degrade the heat transfer 
characteristics compared with the open surface at 
all surface orientation, especially at 0 degree. 
10. Coil protection scenario of power supplies 
The coil protection system for a 30 kA class 
multi coil system is studied. First, the dump resistors 
are designed. As a result, we find the resistor set 
which enables the coil protection for all standard 
plasma operation without a tap change or re-
connection. Next, a 30 kA class de circuit breaker 
using power fuses and an ac vacuum breaker is 
developed for the system. With some experiments 
using a full scale model, the operation sequence 
and reliability are confirmed. 
11. Supercritical pump for forced flow cooling 
A circulating pump for poloidal coils is developed 
and tested at EXS IV. The performance at high 
pressure difference between inlet and outlet was 
obtained. 
12. Strain measurement in high magnetic field 
We assess three types of electrical resistance 
strain gages and handling of their lead wires on a 
strain measurement in a dynamic magnetic field. 
13 . Fracture toughness of thick section weldment 
Fracture toughness of SUS316 base metal and its 
TIG weldment were measured in 0, 8, and 14 T at 
4.2 K. A crack grew in a thickness direction of the 
base plate and the fracture toughness was measured. 
As these active R&Ds, the construction of the 
LHD is on schedule. 
